Please cite this article as: D. Rial, M.A. Murado, A. Menduiña, P. Fuciños, P. González, J. Mirón, J.A. Vázquez, Effects of spill-treating agents on growth kinetics of marine microalgae, Journal of Hazardous Materials (2013), http://dx.Abstract 14 15 The effects of four spill-treating agents (STAs) (CytoSol, Finasol® OSR 51, Agma 16 OSD 569 and OD4000) on the growth kinetics of three marine microalgae (Isochrysis 17 galbana, Chaetoceros gracilis, Phaeodactylum tricornutum) were studied. Chlorophyll 18 a concentration and optical density at 700 nm were assessed to describe the logistic 19 growth of algae in batch cultures. The optical density data were initially analysed as 20 described for standard algal growth inhibition tests and subsequently modelled by a 21 bivariate model, as a function of time and dose, to assess the toxic effects on growth 22 parameters. Increasing trends in EC 50 and EC 10 values with time were found with the 23 standard approach. In 8 of the 11 tests, the lag phase (λ) or the time required to achieve 24 half the maximum biomass (τ) was significantly dependent on the STA concentration. A 25 global parameter (EC 50,τ ) was calculated to summarize the effects of STAs on growth 26 parameters in the bivariate model. The ranking of sensitivity as EC 50,τ values was I. 27 galbana > C. gracilis > P. tricornutum. For all species tested, the least toxic agent was 28 Agma OSD 569, followed by CytoSol. The mathematical model allowed successful 29 ecotoxicological evaluation of chemicals on microalgal growth.
A c c e p t e d M a n u s c r i p t 5 FINASOL® OSR 51 (Total Special Fluids, Paris, France), Agma OSD 569 (Agma plc, 84 Northumberland, United Kingdom) and OD4000 (Innospec Ltd, Cheshire, United 85 Kingdom). The products were kindly provided by the manufacturers or trade 86 representatives. where n is the cell density (cell/mL), b is a constant and m the slope. b values were 105 0.043±0.024, 0.035±0.019 and 0.041±0.025 (mean±standard deviation); m values were 106 1.44×10 -7 ±5.51×10 -9 , 1.72×10 -7 ±6.24×10 -9 and 9.08×10 -8 ±4.35×10 -9 and the coefficients A c c e p t e d M a n u s c r i p t 6 of determination were 0.96, 0.95 and 0.94 for I. galbana, C. gracilis, P. tricornutum, 108 respectively. where μ 0-j is the average specific growth rate from time 0 to j (h -1 ), X j is the biomass at 147 time j, X 0 is the biomass at the beginning of the test, and t j is the time considered (h).
148
The percentage inhibition of the average specific growth rate for each treatment 149 replicate was calculated from the equation:
where I r is the percentage inhibition, μ c is the mean average specific growth rate in the 154 control, and μ t is the average specific growth rate of the treatment replicate. 
where I rm is the maximum percentage inhibition, C is the concentration of STA (L/L),
164
EC 50 is the concentration (L/L) corresponding to semi-maximal percentage inhibition,
165
EC 10 is the concentration (L/L) equivalent to 10% of the maximum percentage 166 inhibition, and a is a shape parameter related to the maximum slope of the response. 
where τ is the time required to achieve half the maximum biomass (h), and X m and v m 191 are the functions described in equation (7).
193
Equations (9) and (10) address the possibility that parameters λ and τ are better 194 described by linear or exponential functions of the concentration: where θ is the parameter considered (h), α θ, is the slope of the linear function (h L/L) 201 and β θ is the slope of the exponential function (h L/L).
203
The concentration that reduces the biomass to 50% of that produced by the control at (Tables 2 and 3) . Parameter X m was also shown to be dose-dependent on five 242 occasions. The only case in which v m was statistically significantly modified by STA 243 was observed in the combination OD4000 and P. tricornutum (Tables 2 and 3 ). The 244 sensitivity of P. tricornutum to Finasol OSR 51was almost null and is therefore not 245 shown in Figure 3 . The ranking of sensitivity as EC 50,τ values was I. galbana > C. gracilis> P. tricornutum.
248
For all species tested, the least toxic agent (higher EC 50, τ ) was Agma OSD 569, 249 followed by CytoSol (Tables 2 and 3) . affected the values only of λ and τ (Table 2) , and the EC x value increased significantly 277 with time ( Figure 2 ). Hence, choice of a single value of EC x is arbitrary or meaningless. be found for both mechanisms, it was impossible to determine which option is more 295 plausible with our approach. Some authors have considered the inhibitory effect on 296 maximum biomass (X m ) as an alternative to the average specific growth rate [10, 27] . In Some authors have suggested that the microalgal test is more useful for comparing 324 toxicity than for assessing hazard in the field [11] . The sensitivity of microalgal species 325 to a surfactant can vary by three orders of magnitude [28] ; therefore, the behaviour of an A c c e p t e d M a n u s c r i p t , 15, 30, 62.5, 100, 150, 250 0, 5, 10, 20, 35, 50, 100, 110, 120, 140 0, 30, 60, 125, 200, 300, 400, 500, 700 Agma OSD 569 0, 15, 30, 62.5, 100, 150, 250 0, 30, 60, 80, 90, 100, 120, 140, 165, 210 0, 50, 100, 125, 150, 200, 250, 350 OD4000 0, 0.5, 1 5, 10, 20, 50 0, 5, 10, 20, 40, 60, 100 0, 50, 75, 100, 110, 125, 140, 150, 200, 250 Finasol OSR 51 0, 6, 12, 25, 40, 60, 100 0, 20, 50, 80, 90, 100, 110, 120, 160, 200 Eqs (7) and (10) Eq (8) Eqs (7) and (10) Eq (8) Eqs (7) and (10) Eq (7) Eqs (7) and (10) Eqs. (7) and (9) Xm 
